A proper planning and management of roads play an essential role in socio-economic growth of any nation. The information of road and its geometry are used as a benchmark by transportation authorities and other related agencies for evaluating, monitoring and prioritizing new and existing road projects. Over the last few decades, application of three-dimensional (3D) Light Detection and Ranging (LiDAR) data for the study of road features has been widely adopted. In the present study, a new pipeline has been proposed for the detection of road surface and corresponding center line and boundary lines using terrestrial Lidar data. The pipeline includes two basic phases. In first phase, there are four basic steps i.e. conversion of Lidar data into intensity image, detection of candidate road pixels, reconstruction of Lidar data points and connected component analysis. The steps of first phase are performed in order to detect the road surface, whereas in the second phase center line and boundary lines are detected by forming vertical grids at detected road surface. The proposed pipeline has been tested at a terrestrial Lidar data, captured from the Allahabad city, India, with the help of FARO Focus3D X 330 Terrestrial Laser Scanner (TLS). The road surface and corresponding center line and boundary lines of captured data are successfully detected. The completeness and correctness of detected road surface are 93.91% and 96.94% respectively, detecting a precise and detailed street floor that helps in maintaining the pavement by estimating the road surface conditions. Ó 2018 National Authority for Remote Sensing and Space Sciences. Production and hosting by Elsevier B.V. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/bync-nd/4.0/).
Introduction
Road networks are vital geo-spatial feature and play a key role in economic growth and nation development (Hui-ying, 2012) . Study of roads is imperative for some applications identified with transportation, urban and rural planning, vehicle navigation, and so forth (Jaakkola et al., 2008) . Therefore, periodic acquisition, monitoring and assessment of roads are essential for road and street development and engineering. In order to perform operational undertakings, transportation agencies require up-to-date road information (McElhinney et al., 2010) . Such undertakings require the information of all cross section elements including center line, boundary lines, length, lane width, shoulder, etc. All this information should be reliable and be of precise quality (Yang et al., 2013) . Some of these elements information may be readily available as part of an inventory database. However, some information such as center line, embankment slopes, ditch dimensions, and obstructions near the travelled way may not be incorporated in such databases. Remote sensing techniques are one of the potentially attainable methods for procuring the missing information. Typically, road databases are created through the traditional surveying techniques, including photogrammetry, Global Positioning System (GPS) field surveys, etc. (Hatger and Brenner, 2003) . Application of these require more skill and time as compared to other available alternative methods such as Lidar, aerial photography, satellite images, etc. (Kumar et al., 2010) . Light Detection and Ranging (LiDAR) has become one of the most reliable, fast and precise techniques for collection of topographic data (Findley et al., 2011) . Lidar provides a fast and accurate alternative for mapping large areas at high resolution. Lidar technology includes less human and atmosphere interaction as compared to conventional surveying and mapping systems including photogrammetric system (Liu, 2008 techniques such as mapping of transmission lines, trees crown, adjoining corridor, and change detection to assess damages (buildings) after a disaster, etc. (Lohani, 2010) . Lidar is capable of capturing the range of target from the device and scan angle. Furthermore, these two parameters, range and scan angle are converted in the X, Y and Z values with the help of mathematical transformation called geo-location. GPS and Inertial Navigation System (INS) are used for the transformation from the local coordinate values to global coordinate values. Therefore, Lidar generates the three-dimensional (3D) geo-referenced point cloud (Kukko and Hyyppä, 2009) . Lidar is also capable of sensing some other essential information of target such as intensity, number of returns, return number etc.
Lidar data is bulky in nature, which is the only disadvantage. The size of the captured data is huge in amount and it becomes very tedious to perform geospatial analysis at captured data (Carter et al., 2012) . It also produces difficulties in analyzing the particular geospatial feature by using the whole point cloud dataset at once. Geospatial feature extraction technique facilitates the solution for this issue. However, feature extraction algorithm utilized in such cases should be time efficient.
Automatic extraction of the road network has considerable potential due to the availability of high and low resolution satellite images (Mohammadzadeh et al., 2006, Ferchichi and Wang, 2005) . The low-resolution satellite images are used for extraction of geometric features such as road center line. In contrast, the highresolution satellite images provide an opportunity to extract entire road surface region, particularly useful for vehicle navigation along with the road network (Quackenbush, 2004) . Detection of the road surface, center line, and boundary lines have been an area of interest for many researchers. Several of the methods are based on airborne laser scanning data, satellite images, aerial images, etc. (McElhinney et al. 2010; Yang et al. 2013) . Only a few methods are based on terrestrial Lidar data or intensity image of this data.
Intensity and height (Z coordinate value) are widely used key parameters for the extraction of road surface points from huge Lidar point cloud data (Li et al., 2008) . El-Ashmawy et al., 2011 used Lidar intensity information and different image classification techniques for land cover classification. Two techniques had been proposed by them were maximum likelihood classifier used as pixel-based classification and image segmentation used as object-based classification. Morphological operators were used to develop a method using airborne Lidar data having intensity information for the selection of candidate road points from ground points (Rutzinger et al., 2008) . Candidate road points belong to ground points of Lidar data. By following this fact, separation of ground and non-ground points was used as a primary step for the identification of candidate road points from Lidar data (Zhao and You, 2012) . Structure pattern to search roads on ground intensity images was designed by Zhao and You, 2012. Additional information such as road width and orientation were also determined by the voting system. In several cases, road geometry was used as an input parameter for the precise detection of the road surface (Choi et al., 2007) . Height, reflectance, cluster road point information and geometric information were used to extract urban road network from 3D Lidar point cloud data (Choi et al., 2007) .
Geometric parameters such as slope, vertical curves, and super elevations are important for the verification of proper construction and road safety assessment (Barco et al., 2014) . A hierarchical strategy, based on the principal component analysis (PCA) was applied to mobile Lidar data by Barco et al., 2014 for determination of geometric parameters. Vertical road alignment parameters such as slope, full super elevation, super elevation transitions and vertical curves were calculated by Barco et al., 2014 . Yun et al. (2006 used both aerial color image and Lidar data information for road boundary extraction. Digital Surface Model (DSM) had been generated with the help of Lidar data and superimposition was used for boundary extraction. A method for the identification of road surface regions and corresponding edges from Lidar data was presented by Zhang (2010) . Elevation information is used in order to identify these two geospatial features from the captured Lidar dataset. Generating a feature map using Lidar data was proposed by Hervieu and Soheilian (2013) . Prediction-estimation model was used to detect the road edges and also the proposed method classified the different geospatial objects such as building facades, ground surface etc. McElhinney et al. (2010) presented a two phase method for the extraction of road surface edges using the Lidar data. Navigation information is additionally used in this research. Cross sections of roads were created in first phase while these created cross sections were separated and a 2D line was generated in second phase of the method. Road edges were determined by analyzing the separated cross sections, slope, and amplitude of return pulse width information. Depth image was generated with the help of Lidar data by Tan et al. (2014) , in order to detect the curb pattern of road surface. Z coordinate value of each Lidar point is used to generate the depth image. Further, the curb points were identified by finding the variation in depth.
Some of the literature requires the side curb along the sides of roads for the detection of road surface (Miyazaki et al., 2014 , Hervieu and Soheilian, 2013 , Jaakkola et al., 2008 , Kumar et al., 2010 , McElhinney et al., 2010 , Yang et al., 2013 . Extraneous information along with the geometric (X, Y, and Z coordinate) and radiometric (intensity value) information such as GPS epoch time (Yang et al., 2013) , trajectory information (McElhinney et al., 2010 , Yu et al., 2015 , amplitude of echo pulse (McElhinney et al., 2010) , and structured data including the navigation and scan line information (Miyazaki et al., 2014) . In available literature, most of the tested datasets for their proposed methods are well structured and the objects located in the proximity of road surface are well situated along the sides of the roads (Miyazaki et al., 2014, Ibrahim and Lichti, 2012) . In order to detect the road boundary edges adequate information regarding the change in slope is required for many of the described methods in available literature (Liu et al., 2013 , Kumar et al., 2013 . None or few of the researches have conceded to detect the road and corresponding boundaries without having the raised road curb. The aim of present study is to detail a novel pipeline for the detection of road surface and corresponding center and boundary lines.
In the present study, a fast, facile and semi-automated two phase pipeline has been proposed. The proposed pipeline detects the road surface and corresponding center line and boundary lines of captured terrestrial Lidar data. Additionally, the intensity value of each Lidar data point has been used by the pipeline. The first phase of the proposed pipeline deals with the detection of the road surface. In order to detect the road surface, Lidar data is converted into intensity image by forming the mesh grid. Further, candidate road surface pixels have been identified and their reconstruction into Lidar data points is performed. Connected component analysis has been performed at reconstructed Lidar data points. Vertical grids have been formed at detected road surface for detection of road center line and boundary lines in the second phase of the pipeline.
Study area and test data
The dataset used for testing of proposed pipeline is captured from the campus of Motilal Nehru National Institute of Technology (MNNIT), Allahabad city, India (25°29 0 39.2064 00 N, 81°51 0 43.326 00 E). Dataset is captured with the help of FARO Focus3D X 330 Terrestrial Laser Scanner (TLS) along the corridor of Yamuna gate road.
In FARO Focus3D X 330 the involved navigation system includes a
